Background: Treatment of coeliac disease (CD) requires lifelong adherence to a strict gluten free diet (GFD) which hitherto has consisted of a diet free of wheat, rye, barley, and oats. Recent studies, mainly in adults, have shown that oats are non-toxic to CD patients. In children, only open studies comprising a small number of patients have been performed.
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Associated diseases
In coeliac disease (CD) there is an enteropathy affecting mainly the proximal small bowel mucosa of genetically predisposed individuals. In 1950, Dicke was the first to report that symptoms and signs of CD in children disappeared when wheat and rye were removed from the diet. Wheat, rye, and barley are closely related cereals of the family Triticeae and are toxic to patients with CD. Oats can be classified as a cousin of Triticeae and thus more distantly related. Prolamins, which comprise the alcohol soluble fraction of the storage proteins of cereals, are termed gliadin in wheat and avenin in oats. They have been named according to their content of the amino acids proline and glutamine, which is much higher in gliadin than in avenin. The proportion of prolamins in cereals may reflect their toxicity to coeliacs. However, recent studies of supposedly toxic peptides in prolamins have not revealed any of these amino acid sequences in oats.
Early studies on the toxicity of oats in patients with CD have yielded contrasting results, while most recent studies report that oats are non-toxic. Previous studies in children however have been open, comprising a comparatively small number of patients. To shed further light on whether or not oats are non-toxic to children with CD, we performed the present study, which is the first randomised double blind study on the toxicity of oats in a large population of coeliac children.
METHODS
Study design
This randomised, double blind, multicentre study which started in April 1998 and involved eight Swedish paediatric clinics in Norrköping, Linköping, Motala, Västervik, Västerås, Örebro, Stockholm (Sachsska Hospital), and Göteborg. The last patient was included in September 2001.
Patients
A total of 116 children with newly diagnosed symptomatic CD were included. Criteria for inclusion, apart from willingness to participate, were: age less than 18 years; small bowel biopsy showing enteropathy; and a good understanding of the Swedish language. Mean age was 6.5 years (SD 4.6; median 6.0; range 8 months-17.5 years). The male:female distribution was equal in the two groups (1:1.4).
The 116 children included were randomised to a standard gluten free diet (GFD) with (GFD-oats; n = 57) or without (GFD-std; n = 59) oats ( fig 1 ) . If there was more than one participant in a family, the sibling was included in the same group as the first participant. Each child was studied over a period of one year. The study diet was started within two weeks from the first diagnostic biopsy.
Figure 1
Flow chart of the study groups. GFD-oats, gluten free diet including oats; GFD-std, standard gluten free diet; GFD-oats <8 g, gluten free diet including less than 8 g of oats daily at the end of the study; GFD-oats 8 ... Seven children had diabetes mellitus, of whom three were in the GFD-oats group; six other patients had IgA deficiency, only one of them in the GFD-oats group. The only patient with Down's syndrome had GFD without oats.
Study diet
The oats used were specially grown, milled, and packaged so as not to become contaminated with wheat, rye, or barley (manufacturer Semper AB, Sweden: now commercially available on the Swedish market). Furthermore, the oat products were tested by an ELISA assay (Transia Gluten ELISA; Diffchamb, Sweden) to ensure absence of gluten contamination. To ensure blinding of the diet, oats were mixed with otherwise gluten free products, such as mixes for formula, porridge and bread, baked ready made bread, and cookies. We aimed at a daily oat intake of 25-50 g. The parents of each study patient were requested to monitor the daily intake of study products for the first month of the diet and thereafter for one week immediately prior to visits to the clinic at 3, 6, 9, and 12 months, respectively. 
Examinations
Blood samples were taken at 0, 3, 6, and 12 months. Sera were stored at −20°C pending analysis. IgA antigliadin antibody (AGA), antiendomysium antibody (EMA), and antitissue transglutaminase (TGA) titres were measured. As selective IgA deficiency is more common in CD and may give a false negative result on screening, total IgA titre was also measured. When a low IgA value was found, measurement of IgG EMA titre was also done. After approximately one (mean 1.1 years; range 0.9-1.5) year on the GFD with or without oats, a small bowel biopsy was done to assess healing of the mucosa.
An ELISA was used for detection of IgA AGA. Microtitre plates were coated with 50 µg/ml gliadin dissolved in ethanol (Sigma, St Louis, Missouri, USA). Plates were incubated for 60 minutes with negative and low/high positive control titrated reference serum, and patient sera were diluted 1 in 10 in phosphate buffered saline (PBS) containing 0.5% human serum albumin and then washed. Peroxidase conjugated antihuman IgA antibodies (Dakopatts, Glostrup, Denmark) were used to detect IgA AGA. Absorbance was read spectrophotometrically in a Dynatech minireader II (Dynatech, Alexandria, Virginia, USA) and set against the titrated positive serum. Optical density of the reference was transformed to units using a program (Dynatech) for semilog fit. The cut off for a positive outcome was 30 units.
IgA and IgG EMA titres were measured by indirect immunofluorescence microscopy using fixed cryostat sections of monkey oesophagus (Biosystems, Barcelona, Spain) as an antigen substrate. Patient sera were screened at a dilution of 1 in 10 in PBS, pH 7.4, together with a positive and negative control. Polyclonal fluorescein isothiocyanate labelled rabbit antihuman IgA or IgG (Dakopatts) was used as the secondary antibody. Positive sera 1/10 were then end point titrated. The antibody titre was defined as the highest serum dilution yielding positive fluorescence.
IgA TGA titre was measured using the commercially available ELISA kit Celikey (Pharmacia Diagnostics AB, Freiburg, Germany) with human recombinant tissue transglutaminase as the antigen. Microtitre wells coated with recombinant human tTG were incubated with 100 µl of serum diluted 1:101. Bound IgA was detected with horseradish peroxidase labelled rabbit antihuman IgA.3,3′,5,5′ Tetramethylbenzidine was used for colour development and absorbance was measured at 450 nm with a reference wavelength of 620 nm. Total incubation time for the ELISA was 70 minutes. A positive and negative control and a six point calibrator curve were included in each assay run. The calibrator curve, containing IgA TGA from 0 to 100 U/ml, was used for determination of antibody levels in the patient samples. The manufacturer classed the results as negative when <5 U/ml, equivocal 5-8 U/ml, and positive >8 U/ml. All sera were analysed for total serum IgA using a routine nephelometric assay. If levels were below detection (<0.05 g/l), IgG EMA titre was measured as described above.
At five clinics, a small bowel biopsy was performed by peroral suction capsule obtaining 1-2 specimens from the distal duodenum or proximal jejunum. At the remaining three clinics, the majority of biopsies were obtained endoscopically with at least three mucosal samples from the distal duodenum.
All mucosal biopsy specimens were examined by a local pathologist at each hospital. Specimens were re-examined by an experienced paediatric pathologist, blinded both to sequence, initial or repeat, and to dietary regimen. All biopsies were routinely fixed in 10% formalin for preparation of conventional paraffin sections with haematoxylin and eosin as the standard stain.
For the purposes of this review, duodenal biopsies were assessed as being either compatible with gluten enteropathy-partial, subtotal, or total villous atrophy with concomitant changes among enterocytes and in the lamina propria, as in the Marsh classification type 3 -or as architecturally intact (that is, restored morphologically). Counts of intraepithelial lymphocytes (IEL) were done on all biopsy specimens with a restored mucosa structure. Only stretches where enterocytes were sectioned perpendicularly or nearly so to the basal membrane were counted. In practice, this gave an upper limit of 300 enterocytes per biopsy. Three sets of 100 enterocytes each from each biopsy were counted and the mean IEL count was taken to the nearest whole number.
Statistical analysis
All analyses were carried out according to the per protocol principle. Statistical analyses were performed using 10,11 12 13 14,15 16 Oats to children with newly diagnosed coeliac disease: a randomised ... http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1774046/
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StatView software (StatView; SAS Institute Inc., Cary, North Carolina, USA). Non-parametric tests were used when variables were not normally distributed and did not have equal variance. Results are presented as mean (SD) or median (range). Differences between groups were assessed by the Student's test (two tailed t test) or the Mann-Whitney U test. The χ test (two tailed) was used to analyse differences in the frequency between the study groups.
Ethics
The study was approved by the Human Research Ethics Committee of the Faculty of Health Sciences, University of Linköping, as the main ethics committee for the investigation.
RESULTS
Withdrawals
Twenty two of 116 children withdrew from the study (tables 1 , 2 ; fig 1 ) . The reasons for this varied. The most common reason was inability to follow the diet. Eight children did not do well on the diet and continued on a conventional gluten free diet. Among patients in the GFD-oats group, 15 of 57 (26%) withdrew, six because of symptoms. One eight year old boy in the GFD-oats group had no catch up in growth during the first four months of a GFD. He was withdrawn from the study by his local paediatrician and put on a conventional GFD.. The symptoms described in the remaining five patients were abdominal pain and/or diarrhoea. In the GFD-std group, seven of 59 (11%) patients withdrew from the study. Two had gastrointestinal symptoms. The difference in withdrawal frequency in the two groups was not significant (p = 0.08). Two patients could not be evaluated because they did not have a control biopsy performed after one year on the diet. Both were in the GFD-std group.
The remaining 92 patients completed the study (table 3 ) . Table 1 Details of withdrawals Table 2 Further details of withdrawals Table 3 Details of patients completing the study and results of some examinations
Amount of oats ingested
Median (range) amount of oats ingested in the GFD-oats group (n = 42) was 15 (5-40) g at the six month control and 15 (0-43) g at the 12 month control ( = time of control biopsy).
In the GFD-oats group, some children consumed very small amounts of oat products towards the end of the study year. For that reason we divided the GFD-oats patients into two subgroups according to the amount of oats ingested at the end of the study year: children taking at least 8 g of oats daily (n = 34) and children taking less than 8 g daily (n = 8). (For explanation of the choice of the smallest amount of 8 g of oats daily, see under discussion section.)
The subgroup of study patients consuming at least 8 g of oats daily (GFD-oats 8 g) at the end of the study was also compared with the GFD-std group (table 3 ) . In this subgroup, median intake of oats was 17.5 (5-40) g and 20 (8-43) g at six and 12 months, respectively. Differences in outcome between the GFD-oats and GFD-std groups or between the GFD-oats 8 g and GFD-std groups were not significant (table 3 ) .
Histology
Re-examination of all initial biopsy specimens from children at the start of the study showed an enteropathy consistent with CD in all cases. At the end of the one year study period, biopsy specimens were taken from all 2 Oats to children with newly diagnosed coeliac disease: a randomised ... http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1774046/
Antigliadin antibodies
Antiendomysium antibodies
Antitissue transglutaminase antibodies patients completing the trial. All children but two had a normal mucosal architecture (table 3 ) . The two children with an abnormal mucosa were in the GFD-std group. When counting IEL, no significant differences were observed between the groups.
Serology
Only 46% (47/102) of patients included in the study had IgA AGA titres above the cut off value at the time of the first diagnostic biopsy (that is, at the start of the study). All children under two years of age, except one, had AGA titres above the cut off value. Fourteen values were missing. After three months of the diet, AGA titres were below the cut off value in most children (fig 2 , where only the results of children who reported consumption of at least 8 g of oats daily at the end of the study are shown in addition to controls (n = 84); 55% (45/82) positive at the start).
Figure 2
Frequency of positive IgA antigliadin antibodies (%) at various checkpoints. No significant difference was found between the study groups. GFD-oats 8 g, gluten free diet including at least 8 g of oats daily at the end ...
At the time of the diagnostic biopsy, 94 of 100 patients (94%) had positive IgA EMA titres. Patients who were IgA EMA negative either had IgA deficiency (n = 2) or were less than two years of age (n = 4). Sixteen values were missing. During the study year, EMA titres became negative to the same extent in both groups (fig 3 ) . Among 92 patients that completed the study, 72% had IgA EMA titres below the cut off value at the time of the control biopsy after approximately one year on a GFD. There was no significant difference between the two diet groups (table 2 , fig 3 ) . To determine if the titres differed between the two groups, EMA titres were grouped as follows: 1:10-1:20 (5/34 patients in the GFD-oats 8 g group and 8/50 in GFD-std) and 1:40-1:80 (7 and 4, respectively). No significant difference was found between the groups (p = 0.41).
Figure 3
Frequency of positive IgA or IgG antiendomysium antibodies (%) at various checkpoints. No significant difference was found between the study groups. GFD-oats 8 g, gluten free diet including at least 8 g of oats daily at ...
The TGA assay had a lower sensitivity than the EMA assay, 90% (84/93) of patients having titres above the cut off value at the start of the study. Four of the IgA TGA negative patients were less than two years of age. At the end of the study, the frequency of TGA positive children among all participants was 13% (fig 4 ) . There was no significant difference in TGA positivity between the groups (table 3  ) . However, a significant difference was found between the quantitative median TGA titres at the end of the study, with higher TGA titres in the GFD-std group (GFD-oats 8 g median 7.0 (range 5.1-11.0); GFD-std 12.0 (5.7-15.0); p = 0.04) but the low number of patients makes this statistic weak in power.
Figure 4
Frequency of positive IgA antitissue transglutaminase antibodies (%) at various checkpoints. There was a significant difference between the study groups only at the three month control. GFD-oats 8 g, gluten free diet including ...
Total serum IgA
Two patients with total serum IgA below 0.05 g/l were negative for all three serological markers. Both had IgG EMA titres >1:640 at the start of the study. At the end of the study, they had IgG EMA titres of 1:20 and <1:10, respectively.
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DISCUSSION
This is the first randomised, double blind, multicentre study of the suitability of oats for children with newly diagnosed CD. Our results indicate that oats in a GFD do not prevent normalisation of the small bowel mucosa or coeliac serology markers. This is in accordance with previous open studies in a small number of children. Similarly, absence of oats toxicity was reported in adults with CD and dermatitis herpetiformis. Also, in vitro studies of duodenal biopsies cultured with avenin did not reveal any immunogenicity.
It is important to note that all of these studies, including our own, presented short term results for diet test periods of up to 24 months. Absence of signs of toxicity of oats does not exclude the possibility of long term complications. However, Janatuinen et al performed a follow up study in adult coeliac patients. At the time of re-examination, study patients had been on a GFD, including a daily intake of 50-70 g of oats, for five years. Compared with a control group of coeliacs on a standard GFD, there were no significant differences regarding the architecture of the duodenal mucosa or serum antibodies to endomysium, reticulin, or gliadin. The results of the study, although questioned because of the small number of patients involved, suggest that moderate amounts of oats are safe for patients with CD.
Early reports on the tolerability of oats in patients with CD indicated a probable noxious effect on the small bowel mucosa. These studies were based on a small number of patients and performed without access to current antibody assays. However, Lundin and colleagues recently reported a case study questioning the lack of toxic effects of oats in a patient with CD. This necessitates caution and calls for further study of the long term effects of oats.
This is the first study on the effects of oats in a large population of children with newly diagnosed CD. Unfortunately, we were not able to fully achieve our aim regarding the amount of oats intake in the patients studied. This may be due to the design of the blinded study products. Some children had difficulty in consuming adequate amounts of oat products towards the end of the study year. According to a microchallenge study performed by Catassi and colleagues, a daily dose of 100 mg of gliadin was enough to significantly increase the IEL count. As 100 mg of avenin is equivalent to approximately 7.7 g of oats, we considered 8 g of oats daily to be the smallest quantity necessary to have a possible effect on the IEL count. However, there was no significant difference between children consuming at least 8 g of oats daily at the end of the study (GFD-oats 8 g) and children in the GFD-std group (table 3 ) .
Withdrawal frequency was high but was not caused by the presence of coeliac symptoms in the majority of cases. When comparing the frequency of withdrawal because of symptoms between the groups of children under and over two years of age, there were significantly more children in the younger age group that withdrew (p = 0.01). The reason for this difference may be that small children do not tolerate oats in their diet. Whether this intolerance is due to coeliac disease and the effect of the prolamin avenin, or something else in oats, such as the high fibre content, was not investigated in this trial. Further studies are needed to investigate if there is a subgroup of coeliac patients intolerant to oats. Also, whether this inability to eat oats is immunological or due to the fibre content of the oats containing diet should be investigated.
This study was originally designed to be analysed on an intention to treat basis. However, in some of the dropout patients there was no proper follow up. Thus we lacked some vital data which makes it impossible to perform an intention to treat analysis.
It is well known that coeliac patients have great difficulties in maintaining a strict GFD. Kumar and colleagues, for instance, reported a dietary compliance of 44% in teenagers with CD. One reason for this low compliance is probably the poor palatability of the comparatively low fibre standard GFD, which can be much improved by the addition of oats. It must however be emphasised that all commercial oat products used by coeliacs should be free of wheat contamination and this should be clearly marked on the packet.
In Sweden, 64% of all small bowel biopsies performed on children with suspected CD are capsule biopsies and only 36% are performed endoscopically. Accordingly, the majority of small bowel biopsy specimens from coeliac children in our study were obtained by capsule. This usually permits only one or two mucosal samples to be taken, in contrast with endoscopic small bowel biopsy yielding several specimens. There is thus a theoretical possibility that biopsies in the present study could have missed patchy small bowel mucosal lesions. However, there was no significant difference in antibody titres between our study groups, which indicates lack of humoral 17 Oats to children with newly diagnosed coeliac disease: a randomised ... http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1774046/
